The study considers a problem of repeated contamination of delicious products, ready for consumption. The aim of the work is to study the repeated thermal pro-cessing of a ready vacuum-packed whole-muscular meat product for inhibiting a surface microbiota.
Food Science and Technology of most demanded for consumption. Unfortunately, meat products are fast-spoiling and subjected to microbiological contamination. Semination by microorganisms results in serious problems with safety and quality of a product, and also in economic losses for a producer [1] [2] [3] .
A question of microbiological safety is important for the meat industry, because spoilage of meat products takes place mainly because of microorganisms [4] . Meat and meat products contain plenty of proteins, enough quantity of water and main nutritive substances with рН, favorable for the microbiota growth [5, 6] . As a result of the life activity of microorganisms, proteins and lipids in a meat product are subjected to denaturation, unfavorable changes of microbiological characteristics, worsening of taste characteristics takes place [2] .
A microbiota that causes spoilage of meat and meat products is represented by such mechanisms as Pseudomonas, Acinetobacter, Brochothrixthermosphacta, Moraxella, Enterobacter, Lactobacillus, Leuconostoc and Proteus. As a rule, microorganisms that cause a fact that a product is spoiled, doesn't cause damage to a human, but at their great number can result in disorders of the work of the gastrointestinal tract [7] .
For improving a microbiological condition and prolonging a storage term of meat products, it is possible to affect a product after cooking by inhibiting a surface microbiota that fell on a product after its cross contamination [8] [9] [10] [11] .
One of ways of improving a microbiolgical condition of a meat product and prolonging storage terms may be the use of repeated thermal processing of a vacuum-packed product [12] [13] [14] .
The aim of this work is to estimate a possibility of inhibiting a surface microbiota of a ready delicious meat product, packed in vacuum by pasteurization, without changing organoleptc characteristics.
The studying procedure is based on the following generalized knowledge: -an influence of thermal processing on microorganisms and also quality, structural-mechanical and organoleptic parameters of a product [2, 14, 15] ;
-an influence of vacuum package on the microbiota life activity in a meat product [16, 17] ; -thermostable properties of packing films.
Materials and methods
Samples of smoked-boiled meat "Balyk vintage" of the highest sort were used in the study. All samples were produced at PE "GARMASH" (Ukraine, Odessa region).
The samples were cooked of 100 % meat of spine-lumbar muscles of pork semi-carcass with adding culinary salt (2.5 % of the meat mass) and pickle preparation (density 1,087 g/cm 3 , consisting sodium nitrites 0,05 % and sugar 0.5 %).
All raw and ready materials, used in the study, corresponded to actual standards of Ukraine in the aspect of quality and safety.
1. Experiments
After bringing the product to culinary readiness, it was cooled to temperature 6-8 °С, cut in pieces of 100 g and packed under vacuum in multi-layer polymeric films with width 95 microns, produced by «Orved» (Italy). Package was realized on the vacuum-packing machine, produced by «Cryovac» (Switzerland).
The experimental samples, packed in vacuum, were subjected to post-pasteurization in the electric digester SVC-14, produced by Sammic S. L. (Spain) Fig. 1 . After post-pasteurization, the samples were cooled to temperature 6-8 °С and kept in the refrigerator Liebherr (Germany) at temperature 4 °С during the whole term. Together with the experimental samples, subjected to post-pasteurization, balyk samples in a vacuum package without post-pasteurization (control samples) were kept under equal conditions in the refrigerator. All samples were kept in the refrigerator during 35 days.
The experimental studies were three-and fivefold repeated. The obtained results were presented in units of the international system CI.
The microbiological studies were conducted in the laboratory of the department of "Biochemistry, microbiology and physiology of nutrition" of the Odessa national academy of food technologies (Ukraine). Microbiological parameters characterize the product safety and also prognosticate and establish its storage term.
Fig. 1. Digester SVC-14
The study was prepared and a batch of the product was taken by sterile instruments under conditions, excluding contamination of a product by microorganisms from the environment. Samples were selected, according to SS 26669-85. The sample batch of 10±0.05 was placed in a sterile bottle with 90 cm 3 of a sterile physiological solution and mixed by round movements during 10-15 minutes. A supernatant liquid is a washout of microorganisms from the product that is in dilution 1:10.
After 14 days of storage the inoculation from dilutions was realized. For preparing dilutions of test samples, 1 ml of the supernatant liquid of the preliminarily prepared sample was taken by a sterile pipette and transferred to a sterile test tube, containing 9 ml of the sterile physiological solution. The content of the test tube was accurately mixed. As a result dilutions 1:100 were obtained.
At 35 and 42 day of storage the inoculation from dilution1:1000 was realized. For such dilutions of test samples, 1 ml of the suspension was taken by a sterile pipette from the test tube with dilution 1:100 and transferred to another test tube, containing 9 ml of the sterile physiological solution and mixed accurately.
A number of mesophilic aerobic and facultative-anaerobic microorganisms was determined, according to SS 8446:2015 Food products. Methods of determination of mesophilic aerobic and facultative-anaerobic microorganisms. This method is based on the ability of microorganisms to multiply on a dense nutritive agar at temperature 30±1 °С during 72 hours.
The inoculation of test samples was realized by taking 1 ml of the suspension of the correspondent solution and introducing it in a Perti dish. After that the heated nutritive medium meat-peptonic agar (MPA) with temperature 45±1 °С in amount 12...15 ml was evenly distributed along the whole Petri dish surface by round movements. After congelation of the nutritive medium, Petri dishes were directed in the thermostat for incubation.
Bacteria of the colon bacillus group (BCBG) were determined, using Kessler medium, according to SS 998-81, because BCBG ferment lactose and as a result acid and gas form during 24 hours at temperature 37±1 °С.
For determining sulfite-reducing clostridia, the method of inoculating 1 cm 3 of the supernatant liquid of the product in the sulfite cyclosulfuric medium (SCS) and Wilson-Blair one, according to SS 998-81, was used. The inoculation was kept in the thermostat at temperature 37±1 °С during 18-24 hours.
Pathogenic microorganisms, including Salmonellaspp., were determined by inoculation on the selective medium, and their serological and enzymatic properties were established, according to SSU ISO 6579 Microbiology of food products and fodders for animals.
Staphylococcusaureus were determined, according to SS 10444.2-94. The batch of the studied product was 25 g. The inoculation was realized in the liquid selective (with preliminary enrichment) and on the dense selective-diagnostic mediums. The inoculations were incubated at temperature 36±1 °С during 24-48 hours. At that the preliminary calculation was conducted in a day, and the final one -after 48 hours.
The physical-chemical and organoleptic studies were conducted at the department of "Technology of meat, fish and seafood" of the Odessa national academy of food technologies (Ukraine). During the study a concentration of nitrogen ions (pH) was determined. pH index was determined by the potentiometric method, using H-meter Testo 205 (Germany) Fig. 2 . The methodology provides taking of a sample of comminuted meat with mass 10 g and mixing during 25 min in 100 ml of distilled water. After that, the obtained extract was filtered and рН of the filtrate was determined [18] .
Fig. 2. pH-meter Testo 205
The amount of moisture was determined in the experimental and control samples. The mass share of moisture was determined by the accelerated methodology [19] , by drying at temperature 150 °С during 1 hour 5 g of the batch of dried meat, rubbed with 6...7 g f sand and preliminarily weighted. Drying was conducted in the drying chamber 2В1-51 (Ukraine). The dried box with the product was placed in the exsiccator. After complete cooling, it was weighted on scales and the mass share of moisture (Х m ) was calculated by formula (1):
where a and b -mass of the box with the batch before and after drying, respectively, g; m -batch mass, g. For checking freshness, quality and safety, presence or absence of changes, the organoleptic studies were conducted after post-pasteurization. The organoleptic studying method is based on analyzing perceptions of the sense organs: sight, hearing, smell, touch and taste. The samples were assessed for establishing correspondence of organoleptic quality parameters to requirements of TC U 15.1-33381354-007:2012. The organoleptic studies were conducted using a five-point scale of assessment. Based on the obtained points, the total point of each sample was calculated. The study was conducted by 6 tasters. During the whole storage term, there were determined such parameters as outlook, consistence, cut look, smell and taste [18] .
Results
During the study there were determined main microbiological, physical-chemical and organoleptic parameters of the experimental and control samples of whole-muscular delicious meat products.
Meat products of 100 g in a vacuum package were heated at temperature 90 °С during 1 min (sample 1), 2 min (sample 2) and 3 min (sample 3). Table 1 presents the results of the total number of microorganisms (MAFAnM) in the control sample, and also the number of microorganisms in the experimental samples at 1 day of storage.
Table 1
Index of the total number of mesohilic aerobic and facultative-anaerobic microorganisms at 1 day of storage
Parameter
Control Sample 1  Sample 2  Sample 3 MAFAnM, CFU in 1 g 2.0·10 2 1.4·10 2 9.5·10 1 <10
Reports on research projects
(2019), «EUREKA: Life Sciences» Number 5 Table 1 testifies that the use of pasteurization of the ready delicious meat product, packed in vacuum, essentially inhibits the microbiota.
There were studied the sanitary-representative microorganisms, such as sulfite-reducing clostridia, Salmonella, St. aureus, and also bacteria of the colon bacillus group. The results of these studied demonstrated that no listed microorganisms were found in the product.
The microbiological studies were conducted during the whole storage term in each 7 days. During the storage process there was observed the intensive growth of microorganisms in the control sample, and at 28 day of storage the norm of MAFAnM was essentially exceeded [18] .
The growth of microorganisms in experimental samples 1 and 2 was less intensive, but at 28 day it exceeded the norm of MAFAnM along with the control. During the storage process sample 3 had the inessential growth of the microbiota and even at 35 day didn't exceed the normative index of total semination.
The sanitary-representative microorganisms were not found during all 35 days of storage in the control and experimental samples.
The effect of thermal processing has the influence on all components of the meat product and can change its outlook and structure [15] . The aim of our work was to diminish the number of microorganisms without changing organoleptic indices of the product. At the same time the storage term of the product is determined by not only microbiological parameters, but also by organoleptic characteristics. The sour-milk bacteria, such as: Lactobacillus, Carnobacterium and Leuconostoc mainly dominate in the product, packed under vacuum. The presented bacteria produce acids: lactic, acetic and formic ones and influence the product taste [20] .
The studies of the organoleptic parameters testify to the fact that post-pasteurization doesn't influence the outlook of the product and doesn't cause changes of its organoleptic parameters.
During the process of storage the control sample at 28 day had spoilage signs, namely the sour smell. Control sample 3 didn't have any outlook changes and also taste and smell ones, even at 35 day of storage. Fig. 3 presents photos of the samples of whole-muscular delicious meat products at 35 day of storage. The studies of рН and mass share of moisture demonstrated that post-pasteurization has no influence on the concentration of nitrogen ions and doesn't cause free moisture release from the product.
Conclusions
1. Inhibition of the microbiota of the ready whole-muscular delicious meat product, packed in vacuum, has been proven.
2. It has been established, that post-pasteurization essentially improves the microbiological condition of the product.
3. Temperature-temporal regimes of repeated pasteurization don't cause changes of the product outlook.
4. It has been proven, that the product, subjected to post-pasteurization, has more storage term. 5. The effectiveness of repeated pasteurization at temperature less 90 °С was not verified during the study. Further studies will be directed on searching for optimal post-pasteurization regimes for prolonging storage terms of whole-muscular delicious meat products.
